Two conventional approaches for foam screening are core/sandpack flooding and bulk foam stability tests. The former is more accurate, but requires expensive equipment and long test duration. For initial screening, the faster and cost-effective bulk foam stability tests are used to narrow down the selection to a few surfactants, which are then further tested using corefloods/sandpacks. The bulk foam stability tests have been historically used for surfactant selection at a fixed salinity and fixed surfactant concentration. The foam generated in bulk foam stability test was observed to be quite homogeneous, whereas foam generated through porous media is more heterogeneous; hence, a modification to the bulk foam test was made in that a small quantity of quartz river sand was placed at the bottom of the test tube for generating foam that simulates porous media. To evaluate the use of bulk foam and modified bulk foam stability tests for screening and optimizing salinity and surfactant concentrations, sandpack flooding tests were conducted at a range of salinities, and surfactant concentrations and results were compared. Bulk foam stability tests results were found to be compatible with sandpack results for surfactant concentration optimizations, but showed significant deviation for salinity optimization. The modified bulk foam stability tests, however, showed better agreement with sandpack results in both salinity and surfactant concentration tests.
Introduction
Water-alternating-gas (WAG) has been used as an improved oil recovery technique through decades to displace oil and to maintain reservoir pressure (Akbari et al. 2017a; b) . A common problem in this process is unstable displacement because the viscosity of the injected gas is order of magnitude lower than the reservoir oil and water, which causes gas to form fingers and channels (Namani et al. 2012) . A recent improvement to this technique is surfactant-alternating-gas (SAG) in which dilute concentrations of foaming surfactant solutions are added to the injected water. The viscosity of gas injected in subsequent cycle is significantly improved because of foam generation, which improves front stability and thus oil production (Bond and Holbrook 1958; Apaydin and Kovscek 2001) .
Undoubtedly, the technique has shown great promise, yet it has not been as broadly applied as it could have been. The problem is that in situ foam behavior is complex and its optimization and predictability for field application are still uncertain. Questions often arise such as how to select a winning surfactant and its optimal concentration (Apaydin and Kovscek 2001; Fukami and Chen 1998) . There are a variety of commercially available surfactants claiming to be the best performer. However, no single surfactant can be the best for all reservoirs as the conditions vary.
From the earlier studies, it appears that the most reliable way to determine the performance of a foaming surfactant under various operating conditions is the laboratory coreflooding experiments under simulated reservoir conditions (Farajzadeh et al. 2010; Kristiansen and Holt 1992; Mannhardt et al. 2000; Andrianov et al. 2012 ) However, the coreflooding experiments are time-consuming and expensive, especially if the choice of surfactant has to be made from a large number of candidate surfactants.
In practice, the initial screening is performed using "bulk foam stability test," referred to in the literature by a variety of names such as "static test" or "column test" as well. The stability of foam is measured in terms of "half-life," i.e., the time it takes for generated foam to collapse to half of its initial height (Aronson et al. 1994; Khatib et al. 1988) These tests are faster and cheaper requiring only commonly available glassware in the laboratory, though commercially available automated systems with imaging capabilities such as "FoamScan" can be used if available. However, the bulk foam stability test results are later supplanted with coreflood tests or sandpack flooding tests for final selection of a surfactant as well as to optimize operating parameters such as injection rate, surfactant concentration, salinity and the best mode of injection (Mannhardt et al. 2000; Falls et al. 1989) .
Though widely used, the validity of bulk foam stability tests continues to be challenged because there are significant physical differences in the decay behavior between foam in porous media and the bulk foam (Aronson et al. 1994) . A bulk foam primarily decays due to gravity drainage, coalescence and coarsening due to gas diffusion, with the latter two mechanisms causing an increase in the average bubble size and eventually turning into a dry bulk foam of a polyhedral structure (Mannhardt et al. 2000; Falls et al. 1989) .
The foam in a porous medium, on the other hand, has a lesser degree of freedom and is unable to form a polyhedral structure; it is instead a dispersion of gas in the liquid phase in the form of ganglia separated by foam lamellae. Also, capillarity and saturation play a pivotal role in the performance of in situ foam. In this study, it was hypothesized that the presence of sand, at least during foam generation, is likely to yield more realistic results. Therefore, a modified version of the bulk foam stability test was introduced that contained sand at the bottom of the cylinder through which N 2 was percolated to generate foam.
There are various studies had been carried out to test the foam stability at the presence and absence of oil under different conditions for different parameters. Osei-bonsu et al. (2015) tested the foam stability using bulk foam stability test for four different surfactants (sodium dodecyl sulfate, cocamidopropyl betaine, CocoSDS and Triton X100. They made by mixing 1:1 ratio of cocamidopropyl betaine and sodium dodecyl sulfate) in the presence and absence of three iso-paraffin oils. In the absence of oil, cocobetaine was shown the highest stability while CocoSDS (the surfactant mixture) was the best performing surfactant in the presence of oil. This is due to the presence of betaine in the mixture which theoretically increased the critical capillary pressure of the foam films. Other reason is because of the high viscosity of CocoSDS which influenced its stability by reducing the time of liquid drainage from the Plateau borders and causing higher resistance to film thinning. He concluded that foam stability in the presence and absence of the oil is completely different and the foam stability in the presence of the oil is largely depend on the surfactant type and oil properties. He also mentioned that small chain hydrocarbons with lower density and viscosity are more detrimental to the longevity of foams than long chain hydrocarbons (Oseibonsu et al. 2015) . Vikingstad and Aarra (2009) observed that the foam stability and strength were similar in both bulk foam stability tests and coreflood stability tests in oil-free conditions. Also, Jones et al. (2015) suggested using bulk foam stability tests as a proxy to coreflood stability tests for screening foaming surfactants. Even though some studies showed positive correlation under oil-free conditions, they failed to show a consistent correlation in the presence of oil (Mannhardt et al. 2000; Jones et al. 2015 Vikingstad and Aarra 2009) . Whereas van der Bent (2014) concluded that bulk foam stability tests could be used to infer surfactant performance in coreflood in the absence of oil, however, he could not find a good correlation between the two methods in the presence of oil (van der Bent 2014; Hadian et al. 2019 ). In addition, foam decay behavior significantly varies between oil-free and in the presence of oil conditions and the oil-surfactant solution IFT will always be lower than the gas-surfactant solution IFT causing a faster rate of foam decay in the presence of oil (Huh 1979; Torrealba and Johns 2017) .
Many more studies are needed in this area to get a better understanding of the efficacy of bulk foam stability tests in comparison with the dynamic core/sandpack floods. This study investigates the ability of bulk foam stability tests to identify optimum surfactant concentration and optimum salinity vis-a-vis sandpack floods in the absence of oil for a new mixed anionic and amphoteric surfactant.
Materials and methodology
A brief description of the brine, surfactant, sand and their processing technique is provided in this section.
Brine preparation
Three different synthetic brine solutions of 0.5, 2.0 and 3.5 wt% salinity were used for the effect of salinity and surfactant concentration tests. The high-purity chemical grade salt was provided by Merck Company with properties listed in Table 1 .
Surfactants
A mixed anionic and amphoteric surfactant called MFO-MAX was used in this study. It is a proprietary surfactant which was provided by PETRONAS Research Sdn Bhd 1 3 (PRSB). The properties of MFOMAX are shown in Table 2 .
Gas for foaming
The foam was generated using pure nitrogen (N 2 ) for this study. Though CO 2 has been used in some previous research studies, it was avoided due to significant solubility in water and corrosiveness. The literature suggests that stronger foam can be generated with N 2 as compared to CO 2 and it is more compatible with wider variety of surfactants (Farajzadeh et al. 2009 ).
Sand used for packing sandpack for flooding tests
The sand-holder rubber sleeve of the sandpack flooding system was packed with quartz river sand with properites as listed in Table 3 . Since no adhesive or binding agent was used, the sand in the sandpack stayed unconsolidated rendering it to be highly permeable and porous.
The high permeability and porosity of the sandpack were desirable in terms of foam generation capability inside porous media (Bergeron et al. 1993) , as well as to minimize the capillary end effects which could significantly affect the flooding results since foaming is highly sensitive to foam quality (gas-to-liquid fraction).
Brine and surfactant solution preparation
The stock solutions of 100,000 ppm brine and 50,000 ppm surfactant were prepared using NaCl and MFOMAX, respectively. To prepare a desired solution of given salinity and surfactant concentration, the two stock solutions (brine and surfactant) were mixed in proper ratio and the mixture was then diluted by adding calculated volumes of distilled water to achieve the desired solutions. Three solutions of 0.5 wt% MFOMAX concentration were prepared at 0.5, 2 and 3.5 wt% salinities for the effect of salinity tests, and another three solutions of 0.1, 0.5 and 1 wt% MFOMAX concentrations were prepared at fixed salinity of 2.0 wt% for the effect of surfactant concentration tests.
Bulk foam stability tests
The test was performed by adding 50 ml of the surfactant solution into a clean 1000-ml graduated cylinder of 6 cm diameter, and a plastic tube was inserted to almost touch the bottom as shown in Fig. 1a . N 2 gas from a cylinder was then injected at a rate of 30 cc/min (rate controlled by the gas regulator) through the plastic tube. As the foam generation would start, the height of the foam column would start increasing. When the rise in foam height stopped due to reaching equilibrium (new bubble generation equaled bubble collapse), N 2 injection was stopped, the stopwatch was started to begin counting the lapse time, photographs were taken intermittently, and the height of the foam column was noted periodically. This process continued for about 1 day after which the test was terminated.
In the modified bulk foam stability test, 20 g of quartz river sand of dual grain sizes (212 and 425 microns) was placed at the bottom of the cylinders as shown in Fig. 1b . Gas for foaming was introduced through the sand layer which acted as foam pre-generator with the ability to generate diverse-sized foam bubbles. Other than the foam generation through the foam, other operational details of both are the same except that a shorter duration of 5½ h was deemed adequate for the modified test to complete. Figure 1 shows the graduated cylinders used in the bulk foam stability tests with a stainless steel tube inserted to the base. Figure 2 shows the schematic diagram of the sandpack foam flooding system.
Sandpack foam flooding system
The sandpack foam flooding system was designed and custom-made in-house to incorporate specific features that were not found in commercially available systems at the time (Farzaneh and Sohrabi 2013; Fergui et al. 1998; Ma et al. 2013) . It contained unconsolidated sand as porous medium in a 600-mm-long and 39-mm-diameter coreholder. The extended length is useful for avoiding capillary end effects that could be detrimental to foaming. The advancement of foam flood was monitored via a series of equispaced autoswitchable dual-range pressure and resistivity gauges.
The digital weighing scale and mass flow controller were installed after the liquid accumulator and gas cylinder to control the rate and total amount of liquid and gas to be injected into the sandpack. The saturation changes in the sandpack were computed by material balance.
The pre-test steps required were to set the injection and back pressures to 40 psig and 20 psig, respectively. The sandpack system was cleaned and saturated with brine followed by injection of enough pore volume of surfactant Each test began by injecting N 2 at 6 cc/min. The pressure drops at various locations were noted from the 12 DPs (differential pressure transmitters). Six of the DPs had a higher pressure range but with a lesser resolution/accuracy, while the remaining six were a lower range with higher resolution/ accuracy. The low-and high-range DPs were located parallel to each other and were installed at six equidistant locations throughout the sandpack. This dual-range arrangement was necessary for accuracy as well as to protect the DPs from over pressurization. The pressure drops for gas and brine were very low (in tenths of a psi), whereas the pressure drop during foam generation could be much higher (up to 100 psi).
Results and discussion
Two series of experiments were performed to compare the screening effectiveness of bulk foam stability test and modified bulk foam stability test against the sandpack results. The first series compared the screening of the effect of salinity, whereas the second series compared the surfactant concentration.
Effect of salinity
This section presents the sandpack flooding tests results, followed by bulk foam stability tests and modified bulk foam stability tests for screening the salinity effect.
Sandpack flooding tests
These tests involved unsteady-state surfactant solution drainage by N 2 injection. Before each test, the sandpack was cleaned, dried, evacuated and fully saturated with brine, which was then displaced by MFOMAX solution of 0.5 wt% concentration of variable salinities. The gas injection was then started, and pressure drop was noted from the beginning of gas injection till the end of the test. The operating conditions are shown in Table 4 .
The sandpack flooding results are presented in Fig. 3 , which shows that the foaming started earliest in case of 3.5 wt% salinity after only 0.5 PV of N 2 injection. In case of the other two salinity concentrations, the onset of foaming was delayed till 1.25 PV injection.
The peak pressure drop (DP) was 5.7 psig in cases of 3.5 wt% and 5.5 psig for 2.0 wt% salinities, whereas it only reached up to 3.5 psig in case of 0.5 wt% salinity. The collapse of foaming started at 2.4 PV in cases of 3.5 wt% and 2.0 wt% salinities, whereas collapse was much earlier after only 1.5 PV of injection in case of 0.5 wt%. This behavior is consistent with previous observations where foam stability was found to be sensitive to salinity at certain ranges, though increasing salinity generally improved the foam stability if it is under the fix range (Liu et al. 2005) . The pressure drop (DP) at the valley (lowest observed DP) was 0.9 psig for all three salinities tested.
Overall, the behavior of 3.5 wt% salinity was quite similar to 2.0 wt% salinity except that lower salinity caused a delay of foam generation by 0.5 PV, but it lasted longer by the same pore volume injection; hence, the foaming performance was shifted by 0.5 PV of injection. However, the behavior of 0.5 wt% salinity test was different, and it did not perform that well as compared to the other two.
The anionic surfactant is negatively charged, and increasing the salinity will increase Cl -(which carries the negative ions) and thus increase the repulsion forces in the solution weakening the foam lamellae and lowering the foam stability. The same behavior has been seen by Hirasaki Group. However, the reduction in foam stability with an increase in ionic strength is not as significant in oil-free condition and it highly depends on type of surfactant and its structure (Agneta et al. 2019; Varade and Ghosh 2017; Dong et al. 2018 ). In addition to anionic surfactant, MFOMAX also contains polymer and betaine which reduce the anionicity feature of the surfactant with an increase in salinity up to certain range resulting in stronger lamellae and better foam stability. Same observations have been reported for zwitterionic surfactants in which an increase in the salinity decreased the foam collapse rate and resulted in better foam stability.
This case result may vary in the presence of oil, as anionic surfactants can change their preferential affinity to either water or oil by changes in salinity and it is related to the free energy transfer from one phase to the other. The HLD (hydrophilic-lipophilic deviation) concept can be used to understand the preferential affinity of surfactant to oil and water and its deviation from the optimum formulation (Torrealba et al. 2018; Salager et al. 2000) .
In summary, the sandpack flood test revealed that the 3.5 wt% salinity performed best, followed closely by 2.0 wt% salinity, and the lowest performer was the 0.5 wt% salinity Table 5 .
Bulk foam stability tests
Foam was generated by injecting N 2 at a rate of 30 cc/min through the 0.5 wt% concentration MFOMAX at the bottom of a test tube. The gas injection stopped after foam height reached the peak, and the test countdown began. The bulk foam stability test results performed on three different salinities of 3.5 wt%, 2.0 wt% and 0.5 wt% are shown in Fig. 4 . The results show that the 2.0 wt% salinity had the highest foamability since it was able to generate to a maximum volume of approximate 980 ml, the medium performer was 0.5 wt% salinity with a maximum volume of 965 ml, and the lowest performer was 3.5 wt% salinity with a maximum volume of 950 ml.
With regard to initial stability, 0.5 and 3.5wt% salinities showed stability for only the 5 and 7 min, respectively, but 2wt% was stable for up to 10 min, and once the degradation began, the rate of decay was slowest for this salinity, medium for 3.5 wt% salinity and fastest for 0.5 wt% salinity.
Regarding long-term stability after 24 h, the 2.0 wt% salinity again showed the best performance with remaining foam volume of 850 ml, 3.5 wt% salinity showed the medium performance with 775 ml remaining volume, and the 0.5 wt% salinity showed the poorest performance with only 675 ml of volume remaining. The above observations are summarized in Table 6 .
The observations in Table 6 show that the 2.0 wt% salinity was the best performing solution. However, these rankings are not the same as the one determined by the sandpack flooding experiments, in which 3.5 wt% salinity performed best, followed closely by 2.0 wt% salinity. The tests were repeated up to three times, and in all tests the lowest performer identified by both methods was 0.5 wt% salinity test. Hence, it can be concluded that bulk foam stability tests are not valid for selecting the effect of salinity on foaming performance and therefore should only be used with caution in a way that all closely performing salinities should be evaluated further, but the outlying salinities can be excluded from further evaluation.
Modified bulk foam stability tests
The modified bulk foam stability tests were performed exactly in the same manner as the standard bulk foam stability test described in section "Bulk Foam Stability Tests" except that 20 grams of quartz river sand was placed at the bottom of the cylinder and the gas was percolated through it to generate more heterogeneous foam. The tests were performed at three selected brine salinities as shown in Fig. 5 . The results of 2.0 and 3.5 wt% salinity tests were ambiguous in that it was difficult to decide which one out of the two performed better. Both initially had almost similar performance up to 2 min, after which foam collapsed faster in 2.0 wt% salinity test as compared to 3.5 wt% test, but then the trend reversed after 24 min and the foam collapse was faster in 3.5 wt% salinity test as compared to 2.0 wt% test. At the end the performance, The performance of 0.5 wt% salinity always trailed significantly compared to the other two higher salinities, and its volume reduced to 350 ml after 90 min, and its degradation behavior was also complex. Table 7 lists the foam heights at several time intervals for the three salinities to help in comparing the performance of the three salinities.
The modified bulk foam stability tests, therefore, suggest that the performance of 2.0 and 3.5 wt% salinities was varying at intermediate points but had similar ending performance. The 0.5 wt%, however, was the least favorable by a good margin. These rankings are same as the ones determined by the sandpack flooding experiments. However, they differ from the standard bulk foam test with regard to 2.0 and 3.5 wt% salinities, but do agree for 0.5 wt% salinity. Hence, it can be concluded that the modified bulk foam stability tests are valid for selecting the brine salinity that is most suitable for a particular application. It is because the presence of sand creates foam of a more heterogenous texture which is more representative of foam in porous media than the uniform foam texture created in the standard bulk foam stability tests that have no sand.
Effect of surfactant concentration
In the previous section, the bulk and modified bulk foam stability tests were performed at three selected brine salinities of 3.5 wt%, 2.0 wt% and 0.5 wt%, and their performance was ranked and compared with the ranking obtained by the sandpack flooding tests. In this section, the effect of surfactant concentration similarly examined using MFOMAX at fixed salinity of 2.0 wt% and three different surfactant concentration as 0.1, 0.5 and 1 wt%. All the tests performed at similar operating conditions as mentioned in Table 4 except the surfactant concentration which was the variable in this set of experiments.
Sandpack flood tests
Same as the previous section, unsteady-state surfactant solution drainage by N 2 injection performed for three solutions of different surfactant concentrations at fixed salinity. Before each test, the sandpack was cleaned, dried, evacuated and fully saturated with brine; which was then displaced by MFOMAX solution of variable concentration. Pressure drop was noted starting from N 2 gas injection. Figure 6 shows that the foaming started earliest in case of 1.0 wt% surfactant concentration (after 1.0 PV injection). In the case of 0.5 wt% and 0.1 wt% concentrations, the onset of foaming was delayed till 1.2 PV and 1.15 PV injections, respectively.
The peak pressure drop (DP) was 6.5 psig in case of 1.0 wt% concentration, and a close value of 5.5 psig for 0.5 wt% The foam started collapsing earliest (at 1.25 PV) and collapsed completely after 4.5 PV gas injection in case of 1.0 wt% surfactant concentration. The collapse was more delayed (2.4 PV) in 0.5 wt% concentration, but the foam completely collapsed very fast after 3.3 PV. In the case of 0.1 wt% concentration, foam collapse started relatively earlier (1.6 PV) and entirely collapsed by 2.4 PV of injection.
The key observations of the three tests are listed in Table 8 .
Overall, the performance of 1.0 wt% concentration was the best, but 0.5 wt% was a very close runner-up. However, the behavior of 0.1 wt% concentration test was drastically different, and its performance was very poor as compared to the other two.
In conclusion, the sandpack flood test revealed that the 1.0 wt% concentration performed best, followed closely by 0.5 wt% concentration, and the lowest performer was the 0.1 wt% concentration.
Bulk foam stability tests
To compare the surfactant concentration screening performance with sandpack, the bulk foam stability tests were performed in exactly the similar manner as for the bulk foam stability tests described earlier except that the salinity was fixed this time but MFOMAX surfactant concentration varied. The bulk foam stability test results performed on three different surfactant concentrations of 1.0 wt%, 0.5 wt% and 0.1 wt% at fixed salinity of 2 wt% are shown in Fig. 7 .
The results in Fig. 7 show that the 1.0 and 0.5 wt% surfactant concentration had the highest foamability since they were both able to generate foam to an approximate maximum volume of 990 ml. On contrary, the 0.1 wt% surfactant concentration showed that a distantly lower performance was able to generate foam to a maximum volume of 320 ml only.
The 1.0 wt% and 0.5 wt% surfactant concentrations both had similar initial stability for first 30 min, whereas the stability of 0.5 wt% surfactant concentration was much lower at only 10 min.
Once the degradation began, the rate of decay was slowest for 1.0 wt% surfactant concentration, whereas 0.5 wt% surfactant concentration was a close runner-up with only slightly faster decay. The 0.1 wt% surfactant concentration, however, had much faster decay.
In terms of long-term stability after 24 h, the 1.0 wt% surfactant concentration showed the best performance with remaining foam volume of 890 ml, and 0.5 wt% surfactant concentration showed only slightly lower performance with 850 ml remaining volume, but the 0.1 wt% surfactant concentration showed drastically poorer performance with just 55 ml of volume remaining. The above observations are summarized in Table 9 . These rankings are the same as the one determined by the sandpack flooding experiments, in which 1.0 wt% surfactant concentration performed best, followed closely by 0.5 wt% surfactant concentration. The lowest performer identified by both methods was 0.1 wt% surfactant concentration tests. Hence, it can be concluded that bulk foam stability tests are valid for determining the effect of surfactant concentration on foaming performance.
Modified bulk foam stability tests
To compare the surfactant concentration screening performance with sandpack, the modified bulk foam stability tests were performed in exactly the similar manner as for the modified bulk foam stability tests in previous set of experiments except that the salinity was fixed this time but MFO-MAX surfactant concentration varied. Figure 8 shows the test results of modified bulk foam stability tests performed on three selected surfactant concentrations. Figure 8 shows that 1.0 wt% surfactant concentration had a complex degradation behavior but showed the highest stability since its foam volume was still 515 ml after 90 min of elapsed time (gas injection stopping time). The stability of 0.5 wt% surfactant concentration was trailing the 1.0 wt% surfactant concentration perhaps because it started decaying almost immediately and showed steady pace degradation behavior, but it caught up at the end eventually retaining 475 ml after 90 min of elapsed time.
The degradation behavior of 0.1 wt% of surfactant concentration was similar to the 1 wt% of surfactant concentration regarding the shape of the decay curve. However, the curve significantly trailed the other two surfactant concentrations since the starting volume was much smaller (325 ml) then the other two. The remaining foam volume was only 70 ml after 90 min of elapsed time. The key observations of the test are listed in Table 10 .
The 1.0 wt% surfactant concentration generated the most stable foam as it was able to retain a PV of 515 after 90 min, the close runner-up was 0.5 wt% surfactant concentration at 475 ml, and the lowest performer by a significant margin was 0.1 wt% surfactant concentration with only 70 ml.
The results suggest that 1.0 wt% surfactant concentration was the best performer, after that 0.5 wt% surfactant concentration and the 0.1 wt% surfactant concentration were the least favorable. These rankings are the same as the one determined by the sandpack flooding experiments. Hence, it can be concluded that the modified bulk foam stability tests appear to be valid to screen the effect of surfactant concentration on both foamability and foam stability.
In addition, it can be seen that modified bulk foam stability tests were able to discern between the 0.5 wt% and 1.0 wt% performance more proportionately with the sandpack tests as compared to the standard bulk foam stability tests in which 0.5 wt% and 1.0 wt% performance was almost similar as opposed to the sandpack tests.
Conclusions
The foam generated in bulk foam stability test was observed to be quite homogeneous, while foam through porous media is more heterogeneous, though a modification to the bulk foam test is proposed by adding small quantity of quartz river sand at the bottom of the test tube for generating foam that simulates porous media.
By comparing the foam stability observations through bulk, modified bulk and sandpack flooding tests, the following conclusion can be drawn:
• All three screening methods yield compatible results for screening the effect of surfactant concentration on foaming performance. • Standard bulk foam stability tests yielded differing screening results as compared to the other two screening methods for the effect of salinity on foaming performance. However, they may still be used to screen out very low performers. • Modified bulk foam stability tests were able to yield screening results similar to the sandpack tests. In addition, their relative performance was more proportionately matching with the sandpack tests as compared to the standard bulk foam stability tests. It is perhaps because the presence of sand helped to create foam of more heterogenous texture than in the standard bulk foam stability tests. 
